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ABSTRACT 

In  this  paper,  after  study  other  similar  research  we  will  discuss  a  stock  dependent  deteriorating  inventory  model 
with  partial  backlogging  and  optimal  replenishment  policy.  The  necessary  and  sufficient  conditions  of  the  existence  and 
uniqueness  of  the  optimal  solution  are  shown.  The  time  at  which  demand  rate  changes,  may  be  deterministic  or  uncertain. 
Finally,  numerical  example  is  presented  to  demonstrate  the  developed  model  and  the  solution  procedure. 
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1.  INTRODUCTION 

The  purpose  of  this  paper  is  to  analyse  an  inventory  model  for  a  deteriorating  item  with  stock  dependent  demand 
under  permissible  delay  in  payment.  This  model  is  based  on  electronics  and  manufacturing  items.  In  this  case  results 
occurs  in  asymphtotic  form.  This  model  based  on  stock-dependent,  holding  and  shortage  cost. 

Wee(24)  considered  stock-dependent  demand  rate  in  a  periodic  reviewinventory  system.  Subbaiah  et  al.(21)  and 
Rao  et  al.(16)  developed  an  inventory  model  with  stock-dependent  demand. 

The  rest  of  our  work  is  organized  as  follows.  In  section  2,  the  notation  and  assumptions  are  given.  In  section  3, 
we  present  the  mathematical  model.  In  section  4,  numerical  examples  are  presented  to  demonstrate  the  model.  At  last, 
we  conclude  in  section  5. 

2.  MODEL  FORMULATION 

The  proposed  model  is  explored  under  the  same  assumptions  as  adopted  by  S.  R.  Singh  &  A.  K.  Malik  (14), 
except  the  ones  related  to  the  stock  dependent  demand,  the  inflation  and  time  discounting. 

The  inventory  system  is  governed  by  the  following  differential  equations  in  the  interval  (0,  T)  are 


^A=-[a  +  bIR1(t)]  0<t<t±  (1) 

+  aiR2  (t)=  .  [a  +  biR2  (t)]tl<t<t2  (2) 

^°i«  =  0                   0<t<ti  (3) 

dt                                            1  y  ' 

^f  +  /?/02(t)  =  0             tl<t<t2  (4) 

«  +  /?/03(t)  =  -  [a  +  bl03(t)]t2<t<t3  (5) 
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M  =  -(a  +  fct)e-5tt3<t<T  (6) 

With  the  boundary  conditions  7fil(0)=R,  /R2(t2)  =0, V(A)  =W,  /03(t3)  =0 

/w(t3)  =  0  respectively,  solving  these  differential  equations,  we  get  the  inventory  level  as  follows: 

7R1(t)  =  Re""  -  |{1  -  e-^.O^ti  (7) 

/R2(0=  [e^^  -  l},t1<&2  (8) 

701(t)  =W,                 Q<t<ti  (9) 

/02(t)=We^(tl_t)t1<t<t2  (10) 

hz(t)=^{eWK*-V-ll    t2<t<t3  (11) 

WO  =  i(e_5t  "  e-sti)+b-{te-st  -  t3e-sti)  +^(e~St  -  e~St^,t3<t<T  (12) 
Putting  t=T  in  equation  (12),  we  obtain  the  maximum  amount  of  demand  backlogged  per  cycle  as  follows: 

S  =  -  IN(T)  =  - §  (e~ST  -  e-»s)  +  b-  (Te~ST  -  t3e~St*)  +  ±  (e~ST  -  e-»s)  (i3) 
Considering  continuity  of  7(t)at  t=  tlt  it  follows  from  equations  (7)  and  (8)  that 

R=^(e("+«)(t2-t1)  _  ijgKt!  +  £ {efttl  _  1}  (14) 
b+a  1                              >              b  L 

Substituting  equation  (14)  into  (7),  we  get 

/fll(t)=^^("+a)(t2~tl)  "  1)e~Kt~tl)  +-b{e-b^  -  1},  0<t<ti  (15) 
Now  equation  (13)  and  (14),  we  can  obtain  the  order  quantity,  Q;  as 
Q  =  R  +  S 

=^{e(6+a)(t2-tl)  -  l}ebtl  +  -b{ebt^  -  1}  +  -s{e~ST  -  e"^}  +  b-{Te~ST  -  t3e~St3}  +^{e~ST  -  e"5'3}  (16) 
According  to  given  conditions  at 
t=t2,/02(t2)  =  /03(t2) 

t3=  t2+^log{l+^e^-^}  (17) 
Next,  the  total  relevant  cost  per  cycle  consists  of  the  following  elements: 

Ordering  cost  percycle  is  A.  (18) 
Inventory  holding  cost  per  cycle  in  RW  (which  is  denoted  by  IHCRW  is  given  by 

IHCRW=  CHR  {S*1  iR1(t)dt  +  £  iR2(t)dt} 
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=CHR  ^{eO-^to-tO  -  !}{e»h  -  1}  +  i{e"»  -  fctl  -  1}  +  ^{e^fe-tj  _  (tz  _  ti)(6  +  a)  _  ^ 

(19) 

Inventory  holding  cost  per  cycle  in  OW(which  is  denoted  by  IHCow)is  given  by 
/HConr  =  {j*1 101  (f)dt  +      I02(t)dt  +  jj  703(t)  dt] 

=cH0  [wh  +  J{i  -  e-«ta-w}  +  _^1{ea.+«cts-w  _  (t3  _  t2)(i  +  /?)  - 1}]  (20) 

Deterioration  cost  per  cycle  in  RW  (which  is  denoted  by£)Cfiw,)is  given  by 
£Cflw  =  Cofl  {/^CtJ  -  jj/>(t)dt} 

=CM  |^L{e(»+«)fe-tO  -  (t2  -  tl)(A  +  a)  -  1}]  (21) 
Deterioration  cost  per  cycle  in  OW(which  is  denoted  by  DC0W)  is  given  by 
DC0W  =  CD0  {/ozCtO  -  £ 102(t)dt  -  fgD{£)dt) 

=CD0  [w  +  j[l-  e-«fe-W]  -  a(t3  -  t2)  +  ^{1  -  e&+»C*s-«  +  (t3  _  hXb  +  £)}]  (22) 
Shorting  cost  per  cycle  due  to  backlog  (which  is  denoted  by  SC)  is  given  by 
SC  =  Cs^[-IN(T)e-RT]  dT 


at    e-«3(e-«r_e-«t3)     (e-cs+R)T_e-(S+R)t3)\  „/ 

S\  R  +  (S+R)  )  +  8  V 


-«3(e-Rr_e-R£3)      (e-C«+R)T_e-(«+R)t3)\      b  /     t3e-,S£3(e-'?7'-e-'?t3)      Te  -C«+R)T_t3  e  -Cfi+RJ  t3 

fl  ^~  S+R  ^~ 


e-  S+RT-  e-  8+M3S+R2+b$2-  e-  St3e-RT-  e-Rt3fi+  e-  (S+R)T-  e-  S+R t3  (S+R) 

(23) 

Opportunity  cost  per  cycle  due  to  lost  sales(which  is  denoted  by  OQis  given  by 
OC  =  C0  j^(a  +  bT)  (1  -  e~ST)e-RTdT 

-Rt3       ae-RT       bt     -Rt3       bTe-RT       be-Rt3       be~RT       ae-(S+R)t3        ae-(5+R)T       bt     -(5+f?)t3  bTe-(S+R)T 

■  H  ^ — :  ~~ — ;  h  ■ 


^   l"ae-Kt3  ^  ae-R'       bt3e-Kt3  _  bre'"'       be'"1?  _  be'"'  _  i 
0  L     R  R  R  R  R2  R2 


S+R  (S+R)  (S+R)  S+R 

be-  (S+R)t3S+R2+be-  (S+R)TS+R2 
(24) 

Therefore,  the  total  relevant  inventory  cost  per  unit  time  is  given  by 

TC(t1(  t2,  T)=(1/T)[A+IHCRW  +  IHC0W  +  DCRW  +  DC0W  +  SC  +  OC]  (25) 
Substituting  Equation  (18)-(24)  in  the  above  equation  (25),  we  get 

TC(tl,  t2, 7>^  +  [CHR  (e>*  -  1  +        +  aCDR]  [^^^  ~  *}]  "  &  "  ^  K  +  i£)  + 

b  1       JJ   L  (b+/?)2 

[a  (-_e-gt3(e-«r_e-Rt3)  e-(g+fi)r_e-(8+B)t3-1 
t2>~Cs  [si  R  +  (5+1)  I  + 


c»* [t?Ml  _  bti  _  i]}+[(CH(°;g0){g(b+/?)(t3-t2)  -  (t3  -  hXb  +  /?)  -  i}]+^(tlcH0  +  cD0)  -  cD0(t 
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b  \-t3e-°l  • 


(e-Rr_e-R£3)         (Te-(8+R)T_t3e-(8+R)t3j       e-(S+R)T_e-(S+R)t3  b         eSt3  (e-RT_e-Rt3j  ^-iS+R)T_e-(S+R)t3-)Y\ 


(S+R) 


(5+fi)2 


1J 


t3e-(5+R)t3)  + 


.(-e-(5+fl)-r  _  e-(S+ff)t3)j 


The  total  relevant  inventory  cost  per  unit  time  is  minimum  if 


^=0,^=0,^=0, 

dt1  dt2  dT 


d2TC  d2TC         ,d2TC    ,,  .  . 

~^T'~^r ' an"  ~gTT  allarepositive. 


NUMERICAL  EXAMPLE 

In  order  to  illustrate  the  above  solution  procedure,  consider  an  inventory  system  with  the  following  data: 


A=250;CH 


.5,C, 


HO 


■  6,Cn 


1.5,  CD0  =  1.6,  Cs  =  2.5,  CQ  =  2, 8  =  2,  a  =  600,  b  =  0.1;  a  =  0.08,  /?  = 


.09  andti  =  1/12  =  0.0833,  t2  =  1/8  =  0.125. 
CONCLUSIONS 

In  this  paper  a  stock  dependent  deteriorating  inventory  model  with  partial  backlogging  and  replenishment  number, 
the  minimum  present  value  of  total  relevant  cost.  The  nature  of  demand  electronics  and  manufacturing  items  is 
increasing-steady-decreasing.  The  demand  pattern  assumed  here  is  found  to  occur  not  only  for  all  types  of  seasonal 
products  but  also  for  fashion  apparel,  computer  chips  of  advanced  computers,  spare  parts,  mobiles,  circuit,  toys,  food  items 
etc.  Shortages  are  allowed  and  the  backlogging  rate  is  variable  and  dependent  on  the  waiting  time  for  the  next 
replenishment.  Finally,  numerical  examples  on  this  model  highlighting  the  results. 

Table  1 


M 

E9 

1 

.083333 

.125 

-3122.97 

-5627427 

2 

.166667 

.25 

-2878.31 

-5174274 

3 

.25 

.375 

-2642.04 

-5387167 

4 

.33333 

.5 

-2411.62 

-6369530 

5 

.416667 

.625 

-2185.02 

-8295696 

6 

.5 

.75 

-1960.69 

-1.1E+07 

7 

.583333 

.875 

-1737.37 

-1.6E+07 

8 

.666667 

1 

-1514.12 

-2.3E+07 

9 

.75 

1.125 

-1290.15 

-3.2E+07 

Impact  Factor  (JCC):  4.2949 


Index  Copernicus  Value  (ICV):  3.0 


An  Inventory  Model  for  Non-Instantaneous  Deteriorating 
Items  with  Partial  Backlogging  and  Stock-Dependent  Demand 


5 


 Q 

 TC 


Figure  1:  Graphical  Representation  of  Inventory  System 
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